preliminary maximum parsimony analysis in PAUP* (Swofford, 2003) , using ndhF sequences to assign each taxon to one of the four subgenera in Euphorbia. In addition, all sequences in GenBank that belong to subg. Chamaesyce were included. In total, our taxon sampling covered 291 out of the total of 600 species in the subgenus, with all previously recognized sections and most subsections represented. Since the monophyly and subclade structure within sect. Anisophyllum was well established in an earlier study (Yang & Berry, 2011) , we reduced taxon sampling within sect. Anisophyllum to 15 species representing all major subclades. About 80 DNA accessions that grouped together with conspecific sequences during our preliminary analysis were excluded. In total, our final matrices include 174 taxa (163 ingroup taxa and 11 species representing the other three subgenera of Euphorbia as outgroups). All taxa sampled for the molecular phylogeny are associated with herbarium voucher specimens and are listed in the Appendix.
DNA extraction, amplification, and sequencing. -DNA extraction and PCR amplification of the ITS region were carried out following Yang & Berry (2011) . The chloroplast NADH dehydrogenase F (ndhF) coding region was PCR-amplified in two pieces: the 5ʹ half was amplified using primers 536 and 1318R (Olmstead & Sweere, 1994) , and the 3ʹ half using primers 972 (Olmstead & Sweere, 1994 ) and 2110Ri (Steinmann & Porter, 2002) . The PCR mixture contained 0.15 μL of 5 units/μL Ex Taq (Takara Bio Inc., Otsu, Shiga, Japan), 2.5 μL 10× Ex Taq Buffer, 2.0 μL dNTP (2.5 mM), 1.0 μL of each primer (10 μM), 2 μL of diluted template DNA (dilution varies from 1/20 to 1/80), and ddH2O to bring the final volume to 25 μL. The PCR profile consisted of an initial 4 min denaturing step at 95°C followed by 40 cycles of 45 s denaturing at 95°C, 45 s annealing at 53.6°C, and 2 min "slow and cold" extension at 65°C (Shaw & al., 2007) . PCR products were purified with ExoSap-IT (USB Corporation, Cleveland, Ohio, U.S.A.), or QIAquick PCR Purification Kit (Qiagen, Valencia, California, U.S.A.). Cleaned PCR products were sequenced at the University of Michigan DNA Sequencing Core using the respective PCR primers.
Phylogenetic analyses. -Chromatograms were assembled and edited in the program Sequencher v.4.10.1 (Gene Codes, Ann Arbor, Michigan, U.S.A.). Sequence alignments were performed in the program MUSCLE v.3.8 (Edgar, 2004) using the default parameters, and manually adjusted in the program MacClade v.4.08 (Simmons, 2004; Maddison & Maddison, 2005) . The full-length data matrices are in the online supplementary data, and sequences are deposited in GenBank (Appendix) .
Phylogenetic analyses using maximum likelihood (ML) and Bayesian inference (BI) were conducted on the ITS and ndhF matrices separately, with gaps treated as missing data. Congruence between the resulting ITS and ndhF trees was visually inspected before concatenating them into a combined matrix. ITS, ndhF and the combined matrices were each subjected to the analyses described below.
Maximum likelihood analyses were carried out in the program RAxML v.7.0.3 (Stamatakis, 2006) , partitioning ITS vs. ndhF regions. The nucleotide substitution model was set to ◄ GTR + G as recommended by the RAxML manual; 500 ML bootstrap replicates were performed, followed by a thorough search for the best tree. Bayesian inference was conducted in the program MrBayes v.3.1.2 (Huelsenbeck & Ronquist, 2001 ; Ronquist & Huelsenbeck, 2003) . Two independent runs (four for the combined dataset) of four chains each (three heated, one cold), starting from random trees, using the default temperature of 0.2, were run for 15 million generations. Trees were sampled every 1000 generations. Each analysis was conducted using the nucleotide substitution model GTR + I + G as selected by Akaike information criterion (AIC) in the program MrModeltest v.2.3 (Nylander, 2004) . To prevent unrealistically long branches, "br lenspr=unconstrained:exponential(100.0)" was applied (Brown & al., 2010; Marshall, 2010) . The relevant parameters for convergence were visually examined in the program Tracer v.1.5 ( Rambaut & Drummond, 2007) to verify stationary status. Trees from the first 2.5 million generations were discarded as burn-in; the remaining trees were used to compute the majorityrule consensus tree and support statistics.
results
Overall statistics of the gene regions sequenced for this study are summarized in Table 1 . Results of phylogenetic analyses are shown in Figs. 2 and 3 and are summarized in Fig. 4 . For each of the three analyses (ITS, ndhF, combined ITS + ndhF), BI and ML results are congruent for nodes with ML bootstrap support (MLB) ≥ 50 and Bayesian posterior probability (PP) ≥ 0.80; monophyly of subg. Chamaesyce and its sister relationship to Euphorbia subg. Euphorbia are both highly supported (MLB ≥ 80; PP = 1). Groups are numbered consistently across
Figs. 2-4, and labels for sections, subsections, and subclades are shown on the combined tree only in Fig. 3 .
ITS dataset. - The ITS dataset has a relatively high proportion of variable sites compared to ndhF (71.1% vs. 45.1%, Table 1 ). The alignment required some manual adjustment in parts, and all characters were included in the subsequent phylogenetic analysis. Monophyly of each section is strongly supported by MLB ≥ 70 (not shown) and PP = 1 (Fig. 2) , except that sect. Gueinziae (11) is nested in sect. Crossadenia (12) with MLB = 72 (not shown) and PP = 0.81.
ndhF dataset. - The ndhF coding region could be unambiguously aligned, with relatively fewer variable sites compared to ITS (Table 1) . Monophyly of each section is supported by MLB ≥ 81 (not shown) and PP ≥ 0.88 (Fig. 2) , except for sect. Poinsettia, where E. jaliscensis is sister to sect. Poinsettia (14) + sect. Alectoroctonum (15) with MLB = 62 (not shown) and PP = 0.75 (Fig. 2) .
Combined ITS + ndhF dataset. -Analysis of the combined dataset produced a well-resolved phylogeny (Fig. 3) . Monophyly of each section is supported by MLB ≥ 92 and PP ≥ 0.92, except for sect. Crossadenia, which has sect. Gueinziae nested within it. Relationships within each clade are well resolved in general, except for certain nodes in sect. Alectoroctonum and sect. Articulofruticosae. There are five instances of moderately (thin continuous lines) to strongly supported (thick lines) incongruence between the ITS and ndhF datasets, and such incongruences affect the combined analysis in different ways (Figs. 2, 3) . (1) In sect. Alectoroctonum, the two clades marked with an asterisk ( * ) are strongly supported as sister to each other in the combined analysis and in the ndhF phylogeny, while ITS strongly supports them forming a paraphyletic grade. (2) Euphorbia jaliscensis is strongly supported as nested a Lower ends of raw lengths are from partial sequences that the full-length sequences failed to amplify or sequence.
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within sect. Poinsettia in the combined analysis and with ITS, but not with the ndhF data alone. (3) Euphorbia gueinzii is nested within sect. Crossadenia in the ITS analysis with strong support, while ndhF provides low support (dashed line) for E. gueinzii being sister to sect. Crossadenia; the combined analysis is congruent with the ITS topology in this case but with weaker support values. (4) Euphorbia salota is strongly supported by the combined and ndhF analyses to be nested within the Madagascar clade, while ITS places it sister to sect. Cheirolepidium + sect. Eremophyton with moderate support, separated from the rest of the Madagascan species. (5) Within sect. Articulofruticosae, results from ITS either conflict with ndhF or are poorly resolved, and the combined tree is also poorly resolved.
dIscussIon
Our results are consistent with all six previous genus-wide molecular phylogenetic studies and support subg. Chamaesyce being monophyletic and sister to subg. Euphorbia (Steinmann & Porter, 2002; Bruyns & al., 2006 Bruyns & al., , 2011 Park & Jansen, 2007; Zimmermann & al., 2010; Horn & al., 2012a) . Three of these six previous studies supported a single origin of New World taxa from an Old World grade within subg. Chamaesyce, with the eastern Brazilian clade sect. Crossadenia being sister to the rest of the New World group (Steinmann & Porter, 2002; Zimmermann & al., 2010; Horn & al., 2012a) . Our results differ somewhat in that they support an Old World-eastern Brazilian clade sister to a New World clade, and together these are nested in a paraphyletic Old World grade (Fig. 4) . Bruyns & al. (2006) made an attempt to provide a sectional classification of subg. Chamaesyce based on molecular data. They recognized four sections within the subgenus: (1) "sect. Chamaesyce", which included the New World clade + Old World-eastern Brazilian clade + sect. Tenellae, sharing petaloid cyathial appendages (the "petaloid appendage clade", Fig. 4 ; Horn & al., 2012a) ; (2) sect. Frondosae, a diverse Old World group; (3) sect. Articulofruticosae, a group of pencil-stem succulents from southern Africa that is both molecularly and morphologically distinct; and (4) sect. Espinosae, a clade of two shrubby or tree-forming species from Africa; they left E. tannensis unplaced. Among the four sections that they recognized, we agree with their naming and circumscription for all but the Fig. 3 and in the taxonomic treatment. 1 = sect. Espinosae; 2 = sect. Articulofruticosae; 3 = sect. Cheirolepidium; 4 = sect. Eremophyton; 5 = sect. Scatorhizae; 6 = sect. Denisiae; 7 = sect. Bosseriae; 8 = sect. Plagianthae; 9 = sect. Frondosae; 10 = sect. Tenellae; 11 = sect. Gueinziae; 12 = sect. Crossadenia; 13 = sect. Anisophyllum; 14 = sect. Poinsettia; 15 = sect. Alectoroctonum.
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Fig. 2B
first one. In that case, we propose that their "sect. Bruyns & al. (2006) , namely, sect. Cheirolepidium, sect. Eremophyton, sect. Scatorhizae, sect. Denisiae, sect. Bosseriae, and sect. Plagianthae. In the following discussion, we focus on comparing our results to the marker-rich but relatively taxon-poor "backbone" analysis of Horn & al. (2012a) . The Old World grade. -In Fig. 4 Bruyns & al. (2006) , which was also based on BI of ITS alone ( Fig. 2A) . However, ML analysis of ITS, and both BI and ML analyses of ndhF, all support this clade as sister to the Madagascar clade. The cause of this incongruence between BI and ML is unknown, but it could be because BI is more prone to long-branch attraction (Kolaczkowski & Thornton, 2009) .
Our results conflict with those of Horn & al. (2012a) as to the earliest branching event within the clade of subg. Chamaesyce (Fig. 4) . Our combined analysis recovered sect. 
ITS + ndhF

Fig. 3B
Articulofruticosae + sect. Espinosae as sister to the rest of the subgenus with moderate support. However, Horn & al. (2012a) recovered sect. Cheirolepidium + sect. Eremophyton + sect. Scatorhizae + the Madagascar clade + sect. Frondosae as sister to the rest of subg. Chamaesyce. The latter received much stronger statistical support and may be more accurate because of their deeper molecular sampling.
Our results also disagree with Park & Jansen's (2007) placement of E. cuneata. The E. cuneata sequence retrieved from GenBank (specimen/voucher Park 24023) was nested in our sect. Scatorhizae (not shown). However, our own fieldcollected sample of E. cuneata is placed within Euphorbia subg. Rhizanthium (Riina & al., in prep.) , as was another collection sequenced by Bruyns & al. (2011) . Park & Jansen's (2007) E. cuneata has the same sequence as the E. polyantha ndhF sequence by Steinmann & Porter (2002) , except that Park's ndhF sequence has a 9-bp deletion in the middle. Because of this, we believe that Park & Jansen (2007) misidentified E. polyantha as E. cuneata in their paper.
Among the ten sections we recognize in the Old World grade, sect. Tenellae is of particular interest because some of its members share petaloid gland appendages (though they are vestigial or absent in some species-see later descriptions) with the Old World-eastern Brazilian clade + the New World clade. Petaloid appendages (Fig. 1I-J) likely evolved in the common ancestor of sect. Tenellae + Old World-eastern Brazilian clade + the New World clade, and together they form the "petaloid appendage clade" ( Fig. 4 ; Horn & al., 2012a) , which also corresponds to the "Agaloma alliance" of Steinmann & Porter (2002) .
The Old World-eastern Brazilian clade. -With substantially increased taxon sampling compared to all previous studies, our analyses recovered two Old World species, E. hainanensis Croizat and E. gueinzii Boiss., that group together with the Brazilian sect. Crossadenia rather than with any other Old World group (Figs. 2, 3 ). However, we still consider the position of E. hainanensis to be doubtful. It is a shrub endemic to Hainan Island of southern China, and it is distinctive in having three cyathial glands and has been postulated to be closely related to species from tropical Australasia that belong to Euphorbia subg. Euphorbia (Croizat, 1940; Dorsey & al., subm.) . This is a rare island endemic species, and we were only able to obtain a single ITS sequence. On the other hand, the placement of E. gueinzii is more reliable, with both ITS and ndhF sequences placing it close to sect. Crossadenia. The phylogenetic placement of a separate accession of E. gueinzii, sequenced for ITS at the Smithsonian Institution, was congruent with our results (K.J. Wurdack, pers. comm.).
Although ITS data places E. gueinzii within sect. Crossadenia with moderate support, ndhF data moderately supports its sister relationship to sect. Crossadenia. The combined analysis places it within sect. Crossadenia, but the support for this is weak. Because of its distinctive morphology and widely disjunct South African distribution compared to the otherwise entirely Brazilian sect. Crossadenia, the ndhF placement is more likely to reflect the relationships of E. gueinzii. Consequently, we propose a new section for E. gueinzii, based on its position as sister to sect. Crossadenia in the ndhF tree. In the case of the enigmatic E. hainanensis, we leave it unplaced until more data are available.
Given the pattern of distribution summarized in Fig. 4 and the postulated age of Euphorbia (36 Ma) that would exclude Gondwanan vicariance (Bruyns & al., 2011) , a possible biogeographic scenario is that New World groups in subg. Chamaesyce did not have a single origin from the Old World, but that sect. Crossadenia became established in Brazil first, and then there was a separate introduction accounting for the rest of the New World clade. Alternatively, there could have been a single long-distance dispersal from the Old World to the New World, followed by back-dispersal to the Old World. It is unclear which scenario is more likely until further information on E. gueinzii, E. hainanensis and their close relatives is available.
The (largely) New World clade. -Sister to the Old Worldeastern Brazilian clade is a largely New World clade of more than 500 species. This mainly New World clade consists of three major subclades [1(2,3)]: (1) Section Anisophyllum is distinctive in being mostly C4 and having a specialized growth form with early abortion of the main shoot. It is most prevalent in warm, semi-desert regions and disturbed areas worldwide, with its greatest diversity in the New World. (2) Section Poinsettia is characterized by reduction or loss of petaloid This study Horn & al., 2012a Version of Record (identical to print version).
gland appendages and the development of brightly colored leafy bracts subtending congested terminal synflorescences, with the whole structure resembling a large blossom. It occurs mainly in forests and desert scrub of subtropical North America. (3) Section Alectoroctonum corresponds largely to the former subg. Agaloma (Raf.) House and is predominantly composed of herbs and shrubs, but also has some pencil-stem succulents with CAM photosynthesis. All species in this group have petaloid cyathial gland appendages, and sometimes they are quite showy. This group occurs in desert scrub to moist montane forests and prairies in subtropical to temperate areas throughout the Americas. Within this New World clade there has been a considerable divergence of classification schemes. Bruyns & al. (2006) opted to lump the entire "petaloid appendage clade" into a single section "Chamaesyce ". On the other hand, within the New World clade alone, there are three well-supported clades, each or part of which have been treated previously at the rank of subgenus or even genus (e.g., "Chamaesyce ", "Poinsettia ", and "Agaloma "; see Dressler, 1961; Koutnik, 1984; Ward, 2001 ). If we were to follow this tendency and recognize genera or subgenera here, we would have to break up groups in the Old World grade into separate genera or subgenera as well in order to preserve monophyly. Instead, we choose to recognize three sections within the New World clade: sect. Poinsettia, sect. Anisophyllum, and sect. Alectoroctonum.
• Section Poinsettia. -In view of our molecular results and a re-evaluation of the morphological characters of the group, we propose a broader circumscription of sect. Poinsettia compared to the previous treatments by Dressler (1961) and Mayfield (1997) . These authors restricted the application of the name "Poinsettia " to what we recognize here as subsect. Stormieae Croizat, namely those species with deeply cup-shaped involucral glands that lack petaloid appendages and are usually one or few in number (Fig. 1K ). Other characteristic features commonly found in these species include colored bracts subtending the congested terminal cymes; pandurately lobed to linear, often heteromorphic leaves with at least some serration on the margins; glandular stipules; and coarsely tuberculate seeds, sometimes with a deeply sunken caruncular facet.
The three other subsections that we recognize in sect. Poinsettia are successively sister to subsect. Stormieae, beginning with subsect. Exstipulatae, followed by subsect. Erianthae, and then subsect. Lacerae (Fig. 3B) . These three subsections all have some kind of involucral gland appendage, but that character is variable within the entire section, and two species nested in subsect. Stormieae, E. chersonesa and E. cornastra, have been reported to have a rudimentary appendage on the outer lip of the glands (Huft, 1984; Mayfield, 1997) . In the case of E. bifurcata, which is placed here in subsect. Exstipulatae, it would be an otherwise indistinguishable member of subsect. Stormieae if not for the whitish appendage of its usually single cupular gland. Except for E. eriantha, which was placed by Boissier (1862) in sect. Poinsettia, the species in the three new subsections proposed here were previously included in sect. Zygophyllidium (Boissier, 1862; Dressler, 1961; Huft, 1984) , which is included within sect. Alectoroctonum in our classification.
In addition to the molecular evidence, which strongly supports the monophyly of an expanded sect. Poinsettia (PP 1; MLB 100), there are morphological characters that support the inclusion of the additional species in sect. Poinsettia, and, conversely, their exclusion from sect. Alectoroctonum. First are the serrate leaf margins, which are evident in all species of sect. Poinsettia, except E. pinetorum, E. colorata, E. restiacea (all in subsect. Stormieae), and E. eriantha (subsect. Erianthae), although teeth can usually be seen in the latter two species under magnification. These four species all have linear leaves, and their teeth may have become inconspicuous or obsolete as the leaves became narrower. On the other hand, serrate leaves are very rare in sect. Alectoroctonum. Both species of subsect. Lacerae, which is sister to the other three subsections of sect. Poinsettia, have serrate, heteromorphic and/or pandurate leaves, which are usually considered to be hallmarks of sect. Poinsettia s.str. The feathery gland appendages of subsect. Erianthae (Fig. 1H) are unique in the genus and bear little resemblance to any of those in sect. Alectoroctonum. Likewise, the two-horned gland appendages in E. lacera are very different from the petaloid appendages in sect. Alectoroctonum.
Another factor that may have confounded the recognition of an expanded sect. Poinsettia distinct from sect. Alectoroctonum in the past was the erroneous placement of E. bilobata in sect. Poinsettia in the molecular phylogeny of Steinmann & Porter (2002) . Euphorbia bilobata is a true member of sect. Alectoroctonum, as shown by its placement in this study close to E. hexagona (the type species of Boissier's sect. Zygophyllidium; Fig. 3B ); a review of its morphological features shows that they are fully consistent with its placement in sect. Alectoroctonum. Thus the position of E. bilobata in Steinmann & Porter (2002) was likely due to an error.
In summary, we see no overriding morphological conflicts with sect. Alectoroctonum in expanding the circumscription of sect. Poinsettia to include the five additional species in three subsections recognized here. Within the context of the "petaloid appendage clade" (Horn & al., 2012a) to which sect. Poinsettia belongs, it is not surprising that the earliest diverging subsections in section Poinsettia would have petaloid appendages and that these were subsequently lost in subsect. Stormieae.
• Section Anisophyllum. -Boissier (1862) proposed eight subdivisions within sect. Anisophyllum. Since then, due to the relatively homogenous morphology and wide distribution of this group, Boissier's classification scheme remained largely unchanged except for some minor modifications (Binojkumar & Balakrishnan, 2010) . Yang & Berry's (2011) analyses of chloroplast markers strongly supported three major subclades within sect. Anisophyllum [1(2,3)]: (1) the Acuta clade, with only three species endemic to southwestern U.S.A. and northern Mexico that have C2 and C3 photosynthesis and glandular stipules; (2) the Peplis clade, consisting of mainly glabrous, perennial herbs with entire leaf margins that all have C4 photosynthesis and mostly endemic to the southwestern U.S.A. and northern Mexico; and (3) the Hypericifolia clade, consisting of annual and perennial herbs to woody perennials, often with toothed leaf margins and usually with some kind of pubescence, distributed worldwide, and which are also all C4. Since
no character or character sets can readily distinguish species in the latter two clades, and nuclear markers indicate that there has been widespread reticulate evolution among members of these two clades, here we only recognize two subsections in subsect. Anisophyllum: the Acuta clade constituting subsect. Acutae, and all remaining species comprising subsect. Hypericifoliae.
• Section Alectoroctonum. -Classification within sect. Alectoroctonum is difficult due to its diversity of growth forms and the incompletely resolved phylogeny we obtained. Shrubs have evolved several times from herbaceous ancestors (Horn & al., 2012a) , and morphologically similar species repeatedly turn out to belong to distinct groups in our molecular phylogeny. In addition, the majority of the deep branches in the section are short and are poorly or only moderately supported (Fig. 3B) , and some well-supported branches conflict among markers (Fig. 2B ). Between our ITS and ndhF results (Fig. 2B) , the two clades marked with an asterisk are sister to each other in the ndhF analysis but form a grade in the ITS analysis, with each placement being well-supported. Additional gene regions such as nuclear ribosomal ETS, chloroplast matK, and the nuclear low-copy coding region exon 9 of EMB2765 revealed even more extensive conflicts among well-supported clades (data not shown). Therefore, additional markers, expanded taxon sampling, and careful morphological studies are needed to better resolve relationships within sect. Alectoroctonum and to formally circumscribe subsections. Here we discuss informal species groups that are well supported by both morphological and molecular data, and then point out ambiguities that will require further investigation.
Clades 15-1 to 15-4 together form the basal grade of sect. Alectoroctonum (Fig. 3B) . The majority of species in this grade occupy mid-elevation pine-oak forests in Mexico, while clade 15-1 and E. acerensis of clade 15-3 occur in the Caribbean and South America. Euphorbia graminea, also part of clade 15-3, is a widespread and variable species across warm regions of North and South America. Species in clade 15-1 are distinctive in having only two glands per cyathium (sometimes three in E. insulana). Clade 15-2 is endemic to Mexico and has distinctive globose-tuberous roots (Huft, 1979) . However, E. macropus, which is another Mexican species with globose roots, is placed in clade 15-4 in our analysis, and it indeed shares morphological characters with both clade 15-2 and 15-4. Clade 15-3 is distinctive in having stalked glands and four or five glands per cyathium (sometimes also two or three in E. graminea); leaf shape is highly variable, and leaf margins are sometimes sinuate, instead of being entire as in most of sect. Alectoroctonum. Both E. graminea and E. ariensis share white, showy bracts. Euphorbia graminea is very similar to both species of clade 15-1 in gross morphology, but it differs from them in having glabrous instead of densely pubescent capsules (Ward, 2001 ). Euphorbia graminea is the type of sect. Cyttarospermum Boiss., but other species that were placed in that section by Boissier (1862) are spread over many separate clades within sect. Alectoroctonum. Species in clade 15-4 are characterized by opposite leaves and branches, four or five glands per cyathium, green gland appendages, and all are confined to Mexico.
Euphorbia misella appears in an isolated position, sister to clades 15-5 to (Fig. 3B ). It is a tiny fall annual herb native to high elevation pine-oak forests in Mexico. It is very similar to E. sinaloensis and E. succedanea of clade 15-5 in morphology, growth form, habitat and distribution. However, these three Mexican annuals do not form a monophyletic group in our analysis. Clade 15-5 contains mostly shrubs. Species from E. misera to E. californica have alternate branches and spirally arranged leaves on short shoots, and they all occur in desert scrub of the Sonoran Desert. In contrast, species from E. cotinifolia to E. macvaughii have verticillate leaves and branches and occupy tropical forests from Mexico to South America. Clade 15-6 corresponds to subsect. Petaloma Raf. ex Pax; both E. marginata and E. bicolor are annual herbs that are widely cultivated as ornamentals for their showy, white-margined bracts. Clade 15-7 corresponds to sect. Arthro thamnus subsect. (noted as " § " in Boissier, 1862) Americanae Boiss., and is characterized by dioecious pencil-stem shrubs, with opposite or whorled, ridged branches; the leaves are scale-like or caducous, and they lack stipules. Both E. alata and E. cassythoides occur in the Greater Antilles (Cuba and Jamaica, respectively). The closely related Galápagos endemic E. equisetiformis is also a leafless opposite-stemmed shrub, yet these three species do not form a monophyletic group in our analyses. Euphorbia innocua occurs in an isolated position sister to clade 15-8; it is a prostrate herb with four glands that superficially resembles sect. Anisophyllum; it was treated by Webster (1967) as the sole representative of sect. Tithymalopsis subsect. Innocuae G.L. Webster. Webster (1967) considered it to be intermediate between sect. Alectoroctonum and sect. Anisophyllum, but such a relationship is not supported by our analyses. Clade 15-8 largely corresponds to sect. Tithymalopsis subsect. Ipecacuanhae Boiss. (Huft, 1979; Holmgren & Holmgren, 1988) . It represents the northernmost distribution for sect. Alectoroctonum, extending from the eastern United States north to southern Canada. Species in this group are perennial herbs with leaves that are rounded at the apex and with ovoid seeds that are rounded in cross-section, smooth or shallowly pitted on the surface, and lacking a caruncle (Huft, 1979) .
Both species in clade 15-9, E. leucocephala and E. caperata, are shrubs with verticillate leaves and five involucral glands (Fig. 3B) . They differ from other shrubs of sect. Alectoroctonum in having showy, entirely white bracts. Both species have carunculate seeds, which is otherwise rare in sect. Alectoroctonum. Clade 15-10 includes three species that are densely branched pencil-stem shrubs with a waxy surface, with cyathia in axillary cymes, five involucral glands with well-developed appendages, and seeds that are ovoid with a smooth surface. Between clades 15-10 and 15-11, there are two species that form part of a polytomy and whose exact affinities are unclear. One of these, E. fulgens ("scarlet plume"), is cultivated for its large and showy gland appendages. In the weakly supported clade 15-11, E. bilobata and E. hexagona both have only opposite leaves and branches and were formerly treated as part of sect. Zygophyllidium Boiss. The remaining species of sect. Zygophyllidium as defined by Boissier (1862) are scattered in other parts of sect. Alectoroctonum and in sect. Poinsettia in our analyses. The other two species of clade 15-11, E. soobyi and E. segoviensis, are morphologically consistent with clade 15-13 and may prove to belong to that clade with additional data. Clade 15-12 includes shrubs with verticillate leaves and branches, deciduous leaves, and cyathia that are clustered in dense cymes and have five or six cyathial glands. Between clades 15-12 and 15-13, E. gumaroi is a small succulent, decumbent species that was compared to E. antisyphilitica in its original description (Meyrán García, 2000) , but such an affinity is not supported by our molecular data. Cyathia in E. gumaroi are single and terminal rather than in axillary cymes as in E. antisyphilitica. Finally, clade 15-13 is a group of about 25 species of herbs and shrubs from warm parts of North and South America. Some species in this clade were treated as part of sect. Cyttarospermum Boiss. (Boissier, 1862) , but the type of that section (E. graminea) belongs in clade 15-3. Species in clade 15-13 are characterized by having petioles that are longer than the leaf blades, five cyathial glands, often deeply lobed gland appendages, and ecarunculate seeds that are deeply pitted, with protrusions on distinctive honeycombed ridges (Fig. 1Q) .
Evolution of growth forms and photosynthetic types. -The basic structure of a Euphorbia plant is shown in Fig.  5A . Annual members of the genus best exemplify this architecture, as various parts of the plant may die back in perennials. Distal to the cotyledonary node, the plant sometimes develops nodes with opposite leaves and side branches. Further up the main shoot, both leaves and branches switch to being alternate. Either, neither, or both of the opposite/alternate vegetative sections can be absent. Later, the main shoot terminates with a whorl of leaves and usually an equal number of branches, concomitant with a switch to reproductive growth, which is typically a pleiochasium of cymes. In this scheme, the synflorescence in Euphorbia typically has three levels of organization ( Fig. 5A): (1) the cyathium itself bearing tightly packed male and/or female flowers, (2) the cyathia arranged in cymes, and (3) the cymes arranged in pleiochasia at the point of apical termination of the main stem. Despite various terminologies that have been applied to these three organization levels, here we call the leaves (or bracts when they are not green) that directly subtend a single cyathium "subcyathial bracts", leaves/bracts at lower nodes of the synflorescence "dichasial bracts", and the lowest whorl of leaves associated with the synflorescence "pleiochasial bracts" (Fig. 5A ; Molero & Rovira, 1992) .
One notable modification of the basic plant structure in Euphorbia is the lack of apical growth of the main shoot (Figs. 1E, 5B; Hayden, 1988) . This growth form is a synapomorphy for sect. Anisophyllum, in which essentially the entire plant body resembles a synflorescence. Together with juvenile flowering, copious seed production, and C4 photosynthesis, sect. Anisophyllum has been very successful in colonizing warm and semi-desert areas and disturbed habitats worldwide. However, both E. remyi and E. halemanui, two ascending shrubs endemic to the Hawaiian Archipelago, develop main shoots with continued apical growth and opposite leaves (Koutnik, 1987) . In E. potentilloides, and occasionally in E. angusta and E. viscoides, the annual growth terminates in a whorl of three or more leaves before producing the terminal synflorescence (Simmons & Hayden, 1997) .
Another notable example of modification in growth form is the continued elongation of main shoots with alternate or verticillate leaves and branches (Fig. 5C ). In this growth form, cyathial cymes are axillary instead of arranged in a terminal whorl. This type is seen in all members of clades 15-12 and most of 15-13 of sect. Alectoroctonum (Figs. 1C) . A further modification of this growth form occurs when stems become fleshy and photosynthetic, and leaves are deciduous or reduced; then the plants become stem succulents with alternate (Wheeler, 1941: pl. 655 ; Molero & Rovira, 1992) . B-E, Modifications of the basic growth form: B, early termination of the main shoot; C, main shoot indeterminate and cymes axillary; D, similar to C but stems become succulent; and E, stem succulents with terminal cymes. branching and axillary cyathia or cyathial cymes (Figs. 5D) . This type of growth form is seen in sect. Plagianthae (E. plagiantha, Fig. 1A ) and sect. Alectoroctonum (all members of clade 15-10, and E. gradyi of clade . A second type of stem succulence of separate origin occurs when the main shoot terminates with a pleiochasial cyme, and both the vegetative section and the synflorescence (except for the cyathia themselves) become succulent. This way the plants have mostly dichotomous or whorled branching, with terminal cyathia or cyathial cymes (Fig. 5E ). This growth form is found in all species of sect. Articulofruticosae (Fig. 1B) , sect. Bosseriae, part of sect. Crossadenia (subsect. Apparicianae + E. gymnoclada), and part of sect. Alectoroctonum (clade 15-7 + E. equisetiformis). Perhaps a third type of succulent growth form is evident in Euphorbia gumaroi, which is a Mexican member of sect. Alectoroctonum that is unique in having alternate succulent branches with single, terminal cyathia ( Fig. 1D ; Meyrán García, 2000).
Euphorbia is extremely diverse in succulent growth forms, and most of the diversity in succulence is found in subg. Euphorbia and subg. Rhizanthium. Still, in subg. Chamaesyce, stem succulence has evolved at least six times, with multiple origins in both the Old World (southern Africa, Madagascar) and the New World (eastern Brazil, North America). Occurrences of stem succulence are usually associated with CAM photosynthesis. Stable isotope ratios (δ13C) have been tested in sect. Articulofruticosae, within which both E. ephedroides and E. rhombifolia have values typical of CAM plants. In sect. Bosseriae, E. platyclada was tested for δ13C and has a typical CAM value; in sect. Crossadenia, E. appariciana has a ratio consistent with weak or facultative CAM expression; and in sect. Alectoroctonum, E. ceroderma (clade 15-10) has a value consistent with CAM photosynthesis (Horn & al., 2012b) .
Conclusions. -Euphorbia subg. Chamaesyce has been recircumscribed here based on molecular data. With taxon sampling covering nearly half of the ingroup species and a well-resolved phylogeny, we can now begin to understand evolutionary trends in a worldwide lineage with diverse growth forms and photosynthetic types. In the following treatment, we circumscribe fifteen sections that are each morphologically and geographically distinctive. This updated sectional and subsectional classification of subg. Chamaesyce includes descriptions and lists of accepted species for each section or subsection.
taxonoMIc treatMent
Species with molecular sequence data available in GenBank, either published here or previously, are shown in bold in the "Included species" lists under each section or subsection. A searchable and downloadable list of accepted names, their synonymies, type information and distribution for Euphorbia is available online at http://app.tolkin.org/projects/72/taxa Annual or perennial herbs, shrubs or trees; rarely geophytes. Stems and leaves sometimes more or less fleshy to succulent, but not cactus-like. Taproot slender or variously thickened, cylindrical to globose. Branches few to many, prostrate, decumbent, or upright; alternate, opposite and/or ternate; sometimes the apices become spine-like. Leaves alternate, opposite and/or ternate, glabrous or variously pubescent, sometimes dark green veins visible on species with C4 photosynthesis; stipules glandular, linear, subulate, triangular, or inconspicuous. Cyathia bisexual, rarely unisexual, solitary or in cymes, axillary or terminal, sometimes subtended by green or brightly colored bracts, actinomorphic or slightly zygomorphic; glands (1-)4-5(-7), often with petaloid appendages, less often appendages horn-like, linear, or missing; ovary glabrous or pubescent; styles 3, connate or free at the base, bifid or entire. Capsules 3-lobed or less often subglobose. Seeds ovoid or oblong, 4-angled, less often 3-angled or rounded in crosssection; surface variously sculptured or smooth, carunculate or ecarunculate.
Discussion. -Within Euphorbia subg. Chamaesyce, a total of 566-574 (see discussion for sect. Articulofruticosae) species are recognized and distributed among 15 sections, with E. hainanensis Croizat sampled but left unplaced as to section. There are another 20 or so species in the process of being formally described, and there are still some unplaced species in Euphorbia that may prove to belong to this subgenus with further study.
Due to the high level of homoplasy of morphological character states in Euphorbia (Horn & al., 2012a) , a key to the sections of subg. Chamaesyce that is of practical value needs to begin with the entire genus, in which sections can be keyed out directly instead of keying to the subgenera first. Since the taxonomic revisions for the other three subgenera are in different stages of completion, it would be premature to attempt such a key at this point. Shrubs to small trees, stems with a shiny or papery bark, the stem apices often drying and becoming spine-like. Leaves alternate, shortly petiolate; stipules glandular, conspicuous. Cyathia bisexual, solitary, axillary, subsessile, or on lateral short shoots, surrounded at the base by a cluster of small leaflike or scarious bracts; glands 5, entire, yellow-green, exappendiculate (Fig. 1F) ; ovary subtended by a 3-lobed perianth; styles joined at the base, with spreading, bifid apices. Capsules well-exserted on a reflexed pedicel, deeply 3-lobed, glabrous. Seeds ovoid, slightly dorsiventrally compressed, smooth, with a cap-like caruncle.
Version of Record (identical to print version).
Distribution and habitat. -Southern and eastern Africa (Angola, Botswana, Namibia, northern South Africa, Kenya, Malawi, Tanzania, Zambia, Zimbabwe); hilly, deciduous woodlands, 300-1400 m.
Included species (2). -E. espinosa Pax and E. guerichiana Pax.
Discussion. -There are several other sections that resemble sect. Espinosae in their shrubby habit, coppery bark, and sometimes spinose branches. These include E. sect. Somalica S. Carter, E. sect. Lyciopsis Boiss., the E. balsamifera group (all in subg. Rhizanthium, also from Africa); and E. sect. Plagianthae (subg. Chamaesyce, from Madagascar). Taxon 55: 416. 2006 -Type: E. aequoris N.E. Br. Generally dioecious, semi-woody to succulent shrubs; branches dichotomous or opposite, usually much-branched from the base; branches cylindrical or variously ridged, apices drying spine-like in some species. Leaves opposite, small and often scale-like, quickly deciduous leaving a calloused scar; stipules apparently absent or glandular and conspicuous. Cyathia or cyathial cymes terminal (sometimes appearing to be axillary when borne on apex of short shoots); cymes branching few to many times, internodes progressively shorter above; subcyathial bracts and dichasial bracts spathulate or similar to the leaves, deciduous. Cyathia small, usually unisexual, subsessile; glands 5, entire, exappendiculate; styles connate at the base and free above, bifid at the tip. Capsules subsessile or exserted and recurved, glabrous or pubescent. Seeds conical, obtusely 4-angled, surface finely tuberculate, ecarunculate (Fig. 1O) .
Euphorbia sect. Articulofruticosae Bruyns in
Distribution and habitat. -Most diverse in the arid winterrainfall region of western South Africa and southern Namibia, extending into southern Angola and Botswana and east to KwaZulu-Natal, South Africa. Growing in sandy soils or on rock outcrops, in low shrublands to deserts and consolidated dunes, from sea level to ca. 2000 m.
Included species (18) (19) (20) (21) (22) (23) (24) (25) (26) Discussion. -This is a very well characterized group of pencil-stemmed succulents with greatly reduced and caducous leaves, and they are readily distinguished by their opposite or dichotomous branching and mostly unisexual cyathia (Fig.  1B) . However, species limits in this section are unclear, and the group is in need of a taxonomic revision. Bruyns & al. (2011) and Bruyns (in press) recognized only 18 species in this section, but we are tentatively including here a number of names that are treated as synonyms in those publications. According to the age estimates of Bruyns & al. (2011) Banks & Sol.) . Annual erect herbs, well branched. Leaves and branches opposite at the base, alternate in the mid-section before the termination of apical growth and switch to dichotomous branching, with each fork subtended by dichasial bracts; leaves linear-lanceolate to elliptic or ovate, densely villous to subglabrous, margin distinctively spinulose-dentate; stipules subulate. Cyathia solitary between the forks of dichotomous branches, or few-clustered in axillary cymes; both dichasial and subcyathial bracts leaf-like but much reduced in size; glands 4 per cyathium, with deep finger-like to linear lobes, stalked (E. cheirolepis) or not (E. petiolata), yellow-green, sometimes turning red with age; styles 3, free or connate at the base, tip entire; ovary densely pubescent, 3-lobed. Capsule exserted, pubescent. Seeds 4-angled, surface tuberculate; caruncle large and stipitate in E. petiolata (Fig. 1M) , or distinctively ligulate with two long flaps in E. cheirolepis (Fig. 1N) .
Distribution and habitat. -From northern Africa through Central Asia; fallow fields and dry, open habitats, 500-1500 m.
Included species (2). -E. cheirolepis Fisch. & C.A. Mey., E. petiolata Banks & Sol. Discussion. -These two species have been variously treated as members of subg. Esula, and they are indeed anomalous geographically among the remaining groups of subg. Chamaesyce (excluding sect. Anisophyllum). However, the presence of stipules and the pectinate cyathial glands distinguish both species from members of subg. Esula. The ligulate caruncle in E. cheirolepis is unique in Euphorbia (Fig. 1N , Pahlevani & Akhani, 2011) . However, it is caducous, and seeds may appear to be ecarunculate on herbarium sheets.
The pectinate protrusions appear to extend directly from the rim of the glands (Fig. 1G) , unlike the petaloid appendages in the "petaloid appendage clade", which appear to extend from the involucre and emerge from below the glands (Fig.  1I, J) .
Version of Record (identical to print version). Discussion. -Boissier (1862) first established sect. Eremophyton to include three Old World species, but they now belong to three different sections in subg. Chamaescyce. Besides the lectotype of this section, E. eremophila A. Cunn., the African E. agowensis is placed by our analyses in sect. Scatorhizae, while the third species, the South African E. gueinzii, is placed in sect. Gueinziae. Wheeler (1943) broadened the concept of sect. Eremophyton and elevated it to the rank of subgenus, but this was a very heterogeneous assemblage of species that is not supported by molecular data. Hassall (1977) treated five native Australian Euphorbia species as forming a natural group within Euphorbia subg. Eremophyton. However, our molecular data strongly reject the monophyly of all five species: E. stevenii and E. boophthona are both nested in E. subg. Euphorbia (Dorsey & al., subm.) , whereas the other three form a monophyletic group in subg. Chamaesyce, as treated here in a more restricted sect. Eremophyton. The placement of E. boophthona in subg. Chamaesyce by Zimmermann & al. (2010) Discussion. -Section Scatorhizae is characterized by non-succulent herbs to shrubs, sessile or subsessile cyathia, and flattened, 4-angled seeds. All five carunculate members have been treated in Euphorbia subg. Eremophyton (Boiss.) L.C. Wheeler (Carter & Radcliffe-Smith, 1988; Thulin & AlGifri, 1995) , while the ecarunculate E. kabridarensis has been treated in sect. Lyciopsis Boiss. (Carter, 1992) .
6. Euphorbia sect. Denisiae T. Haevermans & X. Aubriot, sect. nov. -Type: E. denisii Oudejans. Nonsucculent, low, densely branched dwarf shrubs to small trees, with rhizomes. Branches numerous, alternate, brownish green with transverse linear darker patches, twigs slightly succulent to ligneous. Leaves arranged spirally on short shoots, deciduous; blade obcordate to rounded, subpeltate with a cylindrical petiole, margin entire; stipules small, deciduous. Cyathia subsessile, bisexual, subterminal, subcyathial bracts present but extremely reduced, pubescent; glands 5, yellow-green, broadly ovate (E. denisii ) or erect with the upper margin reclined (E. subpeltatophylla), exappendiculate; styles connate at base, bifid at the tip; ovary and capsule subsessile, erect, emerging from the cyathium at maturity; 3-lobed, surface smooth and glabrous. Seeds ovoid, more or less 4-angled, apex acute, surface smooth, with a small, reniform caruncle.
Distribution and habitat. -Southern Madagascar, in xerophytic vegetation, sea level to 200 m.
Included species (2). -E. denisii Oudejans, E. subpeltatophylla Rauh.
Discussion. -Species from southern Madagascar in the E. tetraptera clade of subg. Euphorbia superficially resemble E. denisii and have been incorrectly identified as this species (Haevermans, 2003: 137, 166 Perennial, creeping to sprawling herbs, stems succulent, with purplish dark blotches; branching monochasial or dichasial. Leaves nonsucculent, rounded and petiolate, or reduced to scales, alternate to subopposite; stipules glandular. Cyathia bisexual, solitary, terminal, pubescent, subcyathial bracts apparently lacking; glands 4 or 5, yellow-green to brown, elliptic to ovate, margin entire, exappendiculate; ovary sparsely Version of Record (identical to print version).
pubescent, subsessile and included in the cyathium cup at maturity (E. bosseri, E. platyclada) or exserted on a recurved pedicel, impairing the development of the covered gland (E. bemarahaensis); styles 3, connate at the base, bifid almost to the base. Capsule 3-lobed, subsessile, sparsely pubescent, surface smooth. Seeds tuberculate and pointed in E. platyclada ; unknown in the other two species; caruncle unknown in all three species.
Distribution and habitat. -Southwestern and southern Madagascar, in xerophytic vegetation, ca. 50-500 m.
Included species (3). -E. bemarahaensis Rauh & R. Mangelsdorff, E. bosseri Leandri, E. platyclada Rauh.
Discussion. -These three species grow in remote areas of Madagascar and are locally rare endemics. Rauh & Mangelsdorff (1999) placed these three species in their informal "groupe d'E. bosseri " but without a clear idea of its affinities. Cremers (1984) believed E. bosseri and E. platyclada were related to taxa like E. enterophora subsp. enterophora (subg. Euphorbia sect. Tirucalli ), due to the presence of flattened twigs in both. However, this relationship is not supported by our molecular evidence.
8. Euphorbia sect. Plagianthae T. Haevermans & X. Aubriot, sect. nov. -Type: E. plagiantha Drake. Broom-like dioecious shrubs or trees with coppery-shiny bark peeling in papyraceous rings. Branches alternate, densely aggregated. Leaves scale-like and quickly deciduous (E. plagiantha) or developed and elongate (E. salota), distributed all along the twigs; stipules minute. Pistillate cyathia usually single, staminate cyathia in few-flowered cymes, on axillary branches (reduced in E. plagiantha, elongated in E. salota); subcyathial bracts green, inconspicuous in E. plagiantha, leaflike in E. salota; involucre rounded, with a sunken rim and (4-)5(-6) inconspicuous glands with an entire margin, exappendiculate; ovary glabrous; styles connate at the base, bifid at the tip. Capsules 3-lobed, smooth and glabrous, oriented upward; surface smooth, green. Seeds ovoid, apex pointed, surface smooth, ecarunculate.
Distribution and habitat. -Southern Madagascar, in xerophytic and semi-xerophytic vegetation; sea level to 1000 m.
Included species (2). -E. plagiantha Drake, E. salota Leandri.
Discussion. -Euphorbia plagiantha is a striking tree with coppery, peeling bark and leafless, photosynthetic stems (Fig.  1A) , whereas E. salota is a broom-like shrub. Euphorbia plagiantha is widely distributed in semi-xerophytic forests and shrublands, whereas E. salota is restricted to a few ridges around Betroka, northwest of Fort Dauphin. Both species share the features of peeling bark, dioecy, and capsules oriented upwards regardless of twig orientation. They also have cyathia with a shrunken rim bearing tiny reduced glands, and the cyathia are borne laterally on the distal part of the twigs, while the vegetative branching occurs on the basal part of the twigs. Euphorbia plagiantha, the only Madagascan species featuring 2n = 14 chromosomes (Schill, 1971) , was previously grouped with E. tirucalli (Cremers, 1984) , but E. tirucalli belongs to subg. Euphorbia (Bruyns & al., 2006 Annual or perennial herbs, or shrubs, tuberous in perennial species. Stems terete and semi-succulent to succulent, green and photosynthetic. Leaves alternate at base, opposite above, glabrous or pubescent, deciduous, margin entire; stipules glandular, mainly on young growth (or absent). Synflorescence of 3-5-branched terminal umbels of cymes with internodes on primary rays up to 6-12 cm long, bracts similar to leaves in size and shape; cyathial glands 4(5), usually bilobed (sometimes entire), or with 2-4 suberect linear processes (E. barbicollis, E. goetzei ); ovary glabrous or pubescent; styles free or connate at the base, bifid up to half their length. Capsules exserted on a reflexed pedicel; 3-lobed. Seeds ovoid to oblong, apex pointed, 4-angled in cross-section; surface wrinkled to tuberculate, with or without a caruncle; caruncle shape and size varies.
Distribution and habitat. -Eastern to southern Africa (Angola, Botswana, Ethiopia, Kenya, Malawi, Mozambique, Namibia, South Africa, Tanzania, Uganda, Zambia, Zimbabwe) and the Arabian Peninsula (Oman, Saudi Arabia, Yemen); open to dense bushland, forest, 400-2700 m.
Included species (7). -E. barbicollis P.R.O. Bally, E. engleri Pax, E. goetzei Pax, E. leistneri R.H. Archer, E. pirottae N. Terrac., E. quaitensis S. Carter, E. transvaalensis Schltr.
Discussion. -This group is characterized by being fleshy, stem photosynthetic herbs and shrubs. The umbellate rays are well-spaced with long internodes. Other species that might belong in this section include E. dolichoceras S. Carter and E. ruficeps S. Carter. Both have ecarunculate, tuberculate seeds and different kinds of cyathial gland appendages, but their placements need to be further investigated.
10. Euphorbia sect. Tenellae Pax & K. Hoffm Annual or perennial herbs, stems decumbent or erect, branches few to many. Leaves all opposite, narrow to subcordate, glabrous, margin entire or denticulate; stipules subulate or inconspicuous. Cymes forking many times, bracts leaf-like. Cyathial glands 4, with petaloid appendages or exappendiculate (they may have a very thin rim on the glands); ovary glabrous or pubescent; styles free or connate at the base, tip bifid, 3-lobed. Capsule exserted on a recurved pedicel. Seeds oblong, 4-angled in cross-section, tuberculate to smooth, with a cap-like caruncle.
Distribution and habitat. -Southern Africa (Angola, Botswana, Namibia, South Africa, Zimbabwe); in open desert areas, exposed gravelly or sandy soils and rocky slopes, ca. 100-1100 m.
Included species (4). -E. claytonioides Pax, E. glanduligera Pax (incl. E. pfeilii Pax) , E. macra Hiern., E. phylloclada Boiss. Discussion. -This is a small, but very significant section because it is sister to the rest of the mostly New World petaloid appendage clade. Pax (1921: 147) recognized its similarities to sect. Anisophyllum, and Koutnik (1984) placed E. glanduligera Version of Record (identical to print version).
in Chamaesyce S.F. Gray (= sect. Anisophyllum) and also wondered whether E. pfeilii should belong here as well. Euphorbia pfeilii was treated as distinct from E. glanduligera by Carter & Leach (2001) , but examination of a range of specimens shows that they are all part of a single, distinctive species. We therefore include it under E. glanduligera. Apart from its extremely slender leaves, E. macra is similar to E. glanduligera, but it has a woody, perennial base.
Boissier (1862) placed E. phylloclada in E. [subg. Euphorbia] sect. Stachydium, presumably because the subcyathial bracts are so congested, but in sect. Stachydium the plants tend to be monochasial and the leaves enclose the cyathia more completely than in E. phylloclada. Later, Pax (1921) placed E. phylloclada in E. sect. Pseudacalypha Boiss., presumably because of its axillary cyathia and herbaceous habit, but the rest of sect. Pseudacalypha is now placed in subg. Rhizanthium (Steinmann & Porter, 2002; Horn & al., 2012a) . Euphorbia claytonioides has subcordate leaves similar to E. phylloclada, but its cyathial features and the glands in the leaf axils closely resemble those of E. glanduligera. Euphorbia macra appears to be the only perennial species in this group.
11. Euphorbia sect. Gueinziae Riina, sect. nov. -Type:
E. gueinzii Boiss. Geophyte with tuberous roots and deciduous leaves, glabrous to densely pubescent; stems simple or multiple, branching dichotomously. Leaves usually alternate on lower portion of stem, opposite at the bifurcations of the upper branches, subsessile, lanceolate to ovate-lanceolate; stipules inconspicuous, glanduliform. Cyathia bisexual, sometimes unisexual, in terminal cymes or solitary at the bifurcation of branches; glands 5, trapezoidal or oblong-ovate, the margin entire to crenulate, without petaloid appendages; ovary usually pubescent; styles 3, connate at the base, tips bifid and spreading. Capsule exserted, subglobose, 3-lobed. Seeds oblongoid, more or less 4-angled, obscurely sculptured, pale grayish, ecarunculate.
Distribution and habitat. -South Africa (Mpumalanga, Free State, KwaZulu-Natal, Eastern Cape), Lesotho, and Swaziland; grasslands on rocky slopes and above sandstone cliffs, 200-2000 m.
Included species (1). -E. gueinzii Boiss.
Discussion. -In his treatment of E. gueinzii in Flora Capensis, Brown & al. (1915) characterized this species as dioecious; however, Hargreaves (1992) contended that it is monoecious, sometimes presenting unisexual cyathia as well as bisexual ones. The molecular data indicate that E. gueinzii is related to the Brazilian E. sect. Crossadenia (Figs. 2, 3) , which is consistent with its cyathial morphology and five glands, although E. gueinzii is quite distinct in its geophytic habit and inconspicuous cyathial glands. In the Euphorbia Seed Atlas ( Morawetz & al., 2010) , the seed shown of E. gueinzii was misidentified, and likely belongs to subg. Rhizanthium. Perennial herbs, small leafy shrubs, or pencil-stem shrubs, glabrous or pubescent, stems branching dichotomously or verticellately. Leaves opposite to alternate (spiral) on the lower stem, whorled at the base of umbellate rays, and opposite above, either rudimentary, minute, and soon deciduous, or well developed and persistent; stipules inconspicuous, glanduliform, rarely subulate. Cyathia terminal and axillary, arranged in short cymes or umbellate cymose rays, subtended by a pair of scale-like or foliose dichasial bracts. Involucres unisexual or bisexual, with 4 or 5 yellowish to green, appendiculate or exappendiculate glands; when present, gland appendages are short crenulate-dentate or long deeply cleft to fimbriate; ovary glabrous or pubescent; styles 3, basally connate, tips entire or bifid. Capsule well-exserted, subglobose to deeply 3-lobed. Seeds subglobose to ovoid, more or less 4-angled, apex mucronate, surface shallowly to obscurely tuberculate, rarely smooth, tubercles usually rounded (Fig. 1P ), covered by a crustaceous, hydrophylic layer, ecarunculate.
Discussion. -The characteristic ornamentation of the seed coat, with low and rounded tubercles, may be a synapomorphy for this group. Boissier (1862) described the seeds of sect. Crossadenia as having a crustaceous caruncle, but our observations indicate that the apical part of the seed does not have a true caruncle; rather, the mucronate apex is an extension of the seed coat. The whitish layer on the outside of the seeds is hydrophilic and becomes mucilaginous when wet, much like seeds in sect. Anisophyllum. Both molecular data (Figs. 2 & 3) and morphological characters support the division of this group into two subsections. Annual or perennial herbs, rarely subshrubs to shrubs. Branches many, dichotomous, prostrate or ascending, rarely erect; main shoot aborts above the cotyledon node (less often continues growing for a few more nodes) and lateral shoots branch dichotomously. Leaves opposite, glabrous or pubescent, base often asymmetrical; sometimes dark green veins are visible on leaf blades; margins entire or serrate; stipules interpetiolar, glandular, linear, or subulate to triangular. Cyathia solitary at the bifurcation of branches or clustered in axillary cymes; glands 4, rarely 5-7; appendages present or absent, petaloid when present; styles 3, free or connate at the base, tip bifid, rarely entire; ovary and capsule glabrous or pubescent. Seed surface with transverse ridges, smooth, or with irregular wrinkles; 4-angled (rarely 3-angled or rounded), ecarunculate. C2, C3 or C4 photosynthesis.
Distribution and habitat. -Warm, arid and semi-arid vegetation or disturbed habitats, and summer annuals of temperate areas; nearly worldwide, sea level to 4000 m.
Discussion. -Section Anisophyllum is characterized by its specialized growth form with early abortion of the main shoot and with the lateral shoots producing exclusively opposite leaves. All but three species in the section have C4 photosynthesis. Annual or perennial herbs, rarely subshrubs to shrubs. Branches many, dichotomous, prostrate or ascending, rarely erect; main shoot aborts above the cotyledon node (less often continues elongation) and lateral shoots branch dichotomously. Leaves opposite, glabrous or pubescent, base often asymmetrical; sometimes dark green veins are visible on leaf blades (Kranz anatomy); margins entire or serrate; stipules interpetiolar, linear, subulate to triangular. Cyathia solitary at the bifurcation of branches, or clustered in axillary cymes; glands 4, rarely 5-7; appendages present or absent, petaloid when present, equal or unequal in size; styles 3, free or connate at the base, tip bifid, rarely entire; ovary and capsule glabrous or pubescent. Seed surface with transverse ridges, smooth, or with irregular wrinkles; 4-angled (rarely 3-angled or rounded). C4 photosynthesis.
Distribution and habitat. − Warm, arid and semi-arid vegetation or disturbed habitats, and summer annuals in temperate areas; worldwide, from sea level to 4000 m.
often inconspicuous. Cyathia few to many in usually congested, terminal cymes, sometimes appearing corymbiform, leafy bracts sometimes whitish to bright red at the base or on the entire blade; cyathial glands 1-5(-8), slightly concave to deeply cupped, bilabiate, or circular, appendages lacking or present and variously shaped; styles 3, free or connate at the base, tip entire or bifid; ovary and capsule glabrous or pubescent, 3-lobed. Seeds 4-angled to rounded, sharply 4-angled to somewhat rounded in cross-section, usually truncate apically, variously tuberculate, with or without a caruncle.
Discussion. -Species of the first two diverging subsections (subsects. Lacerae and Erianthae) are distinct in their large caruncles and sharply 4-angled seeds. The seeds of subsect. Exstipulatae, in contrast, are similar to many of those in subsect. Stormieae, which have a coarsely tuberculate surface, more ovoid shape, and are either carunculate or ecarunculate. See additional discussion in the main text for an expanded justification for the broadened circumscription of sect. Poinsettia. Annual herbs from a taproot. Leaves linear-lanceolate to pandurate, often heteromorphic, noticeably serrate, opposite at lowest nodes, then alternate in the mid-section, the shoot terminating with a whorl of leaves below the fertile branches; stipules absent or glandular. Cyathia in terminal, congested, few-cyathiate cymes, subtended by opposite leaves; glands 4, stipitate, laterally compressed and concave; appendages horned, or petaloid and green with crenate margins; styles entire; ovary and capsule oblong-ovoid. Seeds 4-angled, apically angled, finely tuberculate, with a prominent stipitate caruncle nearly as wide as the seed itself.
Distribution and habitat. -Central and western Mexico; xerophytic scrub, wooded ravines, 900-2500 m.
Included species (2). -E. jaliscensis B.L. Rob. & Greenm., E. lacera Boiss. Discussion. -The pandurate, serrate leaves of E. jaliscencis are remarkably similar to those found in E. heterophylla or E. cyathophora, and the leaves of E. lacera are also polymorphic. Both species in this section have cupped, stipitate involucral glands. In both cases, the appendages are green and somewhat fleshy, although they are much reduced and almost obsolete in the type of E. jaliscensis var. durangensis Millsp. Euphorbia lacera was initially placed by Boissier (1862) Annual or short-lived, pubescent, perennial herbs from a taproot. Branches few to many from the base. Leaves linear, appearing entire but usually with a few inconspicuous teeth towards the apex, opposite at basal-most node, alternate in the mid-section; stipules inconspicuous, minute and glanduliform, at the base of the petiole. Cyathia in terminal, congested, fewcyathiate cymes, subtended by opposite or ternate, leaf-like bracts; glands (2-)4-5, protruding from the outer, upper edge of the involucre, shallowly concave; gland appendages elongate, laciniate, densely covered with white, appressed trichomes, arching over and concealing the glands (Fig. 1H) ; styles free at the base, apex entire, purple; ovary and capsule canescent, obloid or ovoid. Seeds 4-angled, coarsely tuberculate, covered with a white, crustaceous coating, with a circular caruncle about half as wide as the seed.
Distribution and habitat. -Southeastern U.S.A. (Arizona, California, New Mexico, Texas) and northern Mexico (Baja California, Baja California Sur, Chihuahua, Coahuila, Durango, Sonora); desert scrub and thorn scrub on rocky slopes and along washes, sea level to 900 m.
Included species (1). -E. eriantha Benth.
Discussion. -This subsection contains a single species that is unique because of its unusual cyathial gland appendages that curl over the gland towards the inside of the cyathium (Fig. 1H). 14c. Euphorbia subsect. Exstipulatae Y. Yang & P.E. Berry, subsect. nov. -Type: E. exstipulata Engelm. Small, annual herbs from a slender taproot, with opposite, arcuate branching. Leaves linear to ovate, serrate, opposite throughout or with some alternate leaves in the mid-stem section in E. bifurcata. Cyathia in terminal, congested fewcyathiate cymes; glands 1-4(-5), oblong to circular, stipitate, laterally compressed and concave, appendages entire, undulate, or divided into triangular segments; styles bifid; ovary and capsule glabrous or pubescent on the keels, 3-lobed. Seeds broadly ovoid, apically depressed on the ventral side, quadrangular to rounded in cross-section, coarsely tuberculate with 2 transverse Version of Record (identical to print version).
ridges and a tiny, reniform caruncle (in E. exstipulata), or warty-papillate without an evident caruncle (E. bifurcata).
Distribution and habitat. -Southwestern U.S.A. to southern Mexico; desert scrub, grasslands, oak forest, riparian areas, 800-2300 m.
Included species (2). -E. bifurcata Engelm., E. exstipulata Engelm.
Discussion. -Euphorbia bifurcata is very similar to many species in subsect. Stormieae in its normally single cupulate gland, some subcyathial bracts that are whitish at the base, and its ecarunculate, verrucose seeds. Euphorbia exstipulata was initially placed by Boissier (1862) Annual or perennial herbs, shrubs or small trees. Branches opposite; leaves opposite at the epicotyledonary node, leaves and branches often alternate in the mid-section of plant, and then opposite or whorled in the synflorescence; leaves subtending the synflorescence often brightly colored. Cyathia in terminal, usually dense, sometimes monochasial cymes; involucral glands 1-5(-8), deeply to shallowly cupped and stalked, exappendiculate; styles 3, free or connate at the base, bifid to about 1/2 their length from the apex, rarely entire or with only the very apex forked; ovary and capsule glabrous or pubescent, 3-lobed. Seeds ovoid, quadrangular or somewhat rounded in cross-section, usually coarsely and unevenly tuberculate, or the tubercles disposed in one or more transverse, dorsal rows; ecarunculate, or caruncle variously shaped.
Distribution and habitat. -Widespread in the New World, from Canada to Argentina, but with a center of distribution in Mexico; in a wide variety of habitats from desert scrub to moist montane forests, sea level to 2700 m.
Included species (21). -E. chersonesa Huft, E. colorata Engelm., E. cornastra (Dressler) Radcl.-Sm., E. cuphosperma (Engelm.) Boiss., E. cyathophora Murray, E. davidii Subils, E. dentata Michx., E. elliptica Lam., E. heterophylla L., E. hormorrhiza Radcl.-Sm., E. kurtzii Subils, E. pentadactyla Griseb., E. pinetorum (Small) G.L. Webster, E. pulcherrima Willd., E. pumicicola Huft, E. radians Benth., E. restiacea Benth., E. schiedeana (Klotzsch & Garcke) Mayfield ex C. Nelson, E. strigosa Hook. & Arn., E. tubadenia Mayfield ex Y. Yang, E. zonosperma Müll. Arg.
Discussion. -This subsection is the most diverse in sect. Poinsettia in terms of distribution, habit, and species number. It includes the species that Dressler (1961) included in Poinsettia, and those in Euphorbia subg. Poinsettia sensu Mayfield (1997) , with the addition of E. chersonesa, which Huft (1984) thought belonged to sect. Alectoroctonum because of its vestigial involucral gland appendages and relatively flat glands. Vestigial green gland appendages were reported in E. chersonesa and E. cornastra (Huft, 1984; Mayfield, 1997 ), but they are very subtle and difficult for us to see when reexamining herbarium material of these species. Mayfield (1997) recognized two groups in subg. Poinsettia, the Euphorbia dentata alliance and "subgenus Poinsettia sens.str." Our combined molecular tree (Fig. 3B) indicates that the E. dentata alliance may be monophyletic, but it is nested within the rest of the subsection.
In addition to the species listed above, there are four other species described but not validly published in Mayfield's (1997) thesis. In addition, Mayfield (1997) proposed a new name and status for another species he recognized in subg. Poinsettia. This name is validated below.
